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Article history: Background: & aim: Adherence to the Mediterranean dietary pattern (MDP) is inversely related with

Received 15 April 2015 abdominal adiposity as detected by waist circumference but the specific association to subcutaneous and

Accepted 5 October 2015 visceral abdominal tissue has not been investigated. To this purpose we evaluated the association be-
tween MDP, visceral (VAT) and subcutaneous (SAT) abdominal tissue in a large sample of Italian adults.
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Cross-sectional study

> - outpatients at Nutritional Research Centre in Milan, ICANS. VAT and SAT were measured by ultraso-
Mediterranean diet

nography. MDP was evaluated using a Mediterranean dietary score (MEDscore) obtained from a validated
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Ultrasonography Results: At multiple linear regression adjusted for sex, age, smoking and physical activity, a 1-unit in-

crease in MEDscore was associated with a —0.118 kg/m? decrease in BMI (p < 0.01), a —0.292 cm decrease
in waist circumference (p < 0.01), a —0.002 cm:cm decrease in waist to height ratio (p < 0.001),
a —1.125 mm decrease in the sum of 4 skinfolds (p < 0.001), and with a —0.045 cm decrease in VAT
(p < 0.05). MEDscore was, however, not associated with SAT. Finally, the adherence to the MDP was a
protective factor for obesity (OR = 0.717, 95%Cl: 0.555—0.922) and VAT excess (OR = 0.717, 95%CI: 0.530
—0.971).
Conclusion: Our study confirms the inverse association between MDP, BMI and waist circumference and
adds that the association with abdominal obesity as detected by waist circumference is due to an as-
sociation with VAT and not with SAT.

© 2015 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

Abdominal obesity is associated with metabolic syndrome and
cardiometabolic diseases [1]. However, abdominal fat is composed
of visceral abdominal fat tissue (VAT) and subcutaneous abdominal

_ ' _ fat tissue (SAT) [2]. VAT plays a central role in the pathogenesis of
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cannot be used in routine clinical practice and epidemiological
research. Ultrasonography offers a validated, cheap and non-
invasive alternative to reference methods [5—7] and it has already
been used in previous epidemiological researches [8,9].

Diet and lifestyle play a major role in the development of general
and abdominal obesity [10]. In particular, the Mediterranean di-
etary pattern (MDP), moderate alcohol consumption, daily physical
activity and nonsmoking, are associated with lower prevalence of
general and abdominal obesity [10]. MDP, characterized by high
consumption of olive oil, fruits and vegetables, nuts, fish and le-
gumes, low consumption of saturated fats and sugars, and mod-
erate consumption of wine, has been reported to be inversely
associated with BMI, waist circumference (WC) and waist-to-height
ratio (WHtR) in many cross-sectional studies and some cohort
studies [10—18]. These results suggest that MDP may be related to
abdominal fat distribution. However, such studies employed WC as
surrogate measure of abdominal fat but WC does not allow to
separate VAT from SAT [19] so that the association between MDP,
VAT and SAT is presently unknown.

The aim of this study was to evaluate the association between
MDP and VAT and SAT measured by ultrasonography in a large
sample of adults.

2. Subjects and methods
2.1. Study design

4388 men and women were consecutively enrolled into the
study at ICANS between June 2009 and September 2013. All came to
ICANS to obtain a thorough nutritional assessment and/or to enter a
structured weight loss program. Subjects aged >18 years and <80
years were studied. Exclusion criteria were: abdominal scars from
previous surgery in the area of the ultrasound measurements,
neurological, gastrointestinal, cardiac, renal and pulmonary failure,
cancer, acute illness and use of medications known to cause lip-
odystrophy including steroids and antiretroviral agents. A very high
activity level (participation in sports or training for greater than
12 h/week) was reason of exclusion as well. All measurements were
performed on fasting subjects during the morning. A physician
collected a clinical history and performed ultrasonographic
assessment of VAT and SAT. A dietician performed anthropometric
measurements and collected a structured interview on dietary and
lifestyle habits (physical activity level and smoke attitude) [20].
Lastly, the patients were administered a validated questionnaire to
assess MDP [21,22]. The study was carried out according to the

Table 1
Measurements of the study subjects.

Declaration of Helsinki and all subjects gave written informed
consent. The institutional review board approved the study
procedures.

2.2. Anthropometry

Anthropometric measurements were performed following in-
ternational guidelines [23]. Body weight was measured to the
nearest 100 g using a Seca 700 scale and height was measured to
the nearest 0.1 cm using a Seca 217 vertical stadiometer (Seca
Corporation, Hanover, MD, USA). BMI was calculated as weight
(kg)/height (m?) and classified according to the World Health Or-
ganization. Waist circumference was measured midway between
the lower rib margin and the superior anterior iliac spine. WHtR
was calculated as WC (cm) divided by height (cm). Skinfolds (tri-
ceps, biceps, subscapular and suprailiac) were measured using a
Tanner-Whitehouse calliper (Holtain Ltd, Crymych, UK). The skin-
folds were then summed to obtain the sum of four skinfolds (SF4).
In our Centre, the intra-observer coefficient of variation for
repeated measurements of these skinfolds is < 2.9%.

2.3. Abdominal ultrasonography

Abdominal US was performed on fasting patients by the same
operator using a Logiq 3 Pro equipped with a 3.5 MHz convex-array
probe and with a 7.5 MHz linear probe (GE Healthcare, Milwaukee,
WI, USA). VAT and SAT were measured 1 cm above the umbilicus.
The examination was performed at end-expiration and same
pressure of the ultrasonographic probe was applied for all partici-
pants. SAT was measured with the 7.5 MHz linear probe as the
distance between the epidermis and the external face of the rectus
abdominis muscle, VAT was measured with the 3.5 MHz convex-
array probe as the distance between the anterior wall of the aorta
and the posterior surface of the rectus abdominis muscle [5]. Each
measurement was performed three times and a mean was calcu-
lated. The within-dayintra-operator coefficient of variation for
repeated measures of VAT and SAT in our laboratory is 0.8%.

2.4. Mediterranean dietary pattern

MDP was evaluated using a validated 14-item questionnaire
[21,22], which is the extension of an original 9-item questionnaire
[24]. A Mediterranean score (MEDscore) was obtained from this
questionnaire following Estruch et al. [21]. Briefly, one point was
attributed for each of the following: 1) olive oil as main cooking fat,

Women (n = 3214)

Men (n = 1174) Total (n = 4388)

Age (years) 45 (37-55)
Weight (kg) 70.8 (63.5-79.4)
Height (m) 1.62 (1.57-1.66)
BMI (kg/m?) 27.2 (24.4-304)
BSF (mm) 15 (11-20)
TSF (mm) 28 (23-32)
SSF (mm) 8 (20—36)
SISF (mm) 37 (31-42)
SF4 (mm) 109 (88—128)
WC (cm) 89.6 (81.7—97.4)
WHIR (cm/cm) 0.55 (0.50—0.61)
VAT (mm) 3.97 (2.92—5.50)
SAT (mm) 269(] 97—3.48)
MEDscore (units) 0 (5.0-8.0)

47 (39-57) 46 (37-56)
89.6 (81.4—98.1) 75.2 (66.0—86.7)
1.75 (1.70-1.79) 1.64 (1.59-1.71)
29.3 (27.0-32.0) 27.9 (25.0—31.0)

10 (7-13) 13 (9-18)

17(13 22) 25 (19-31)

0 (24-36) 29 (21-36)

40 (34—44) 38 (32-42)

98 (81-113) 105 (86—124)
103.5 (96.0—111.0) 93.2 (84.2-102.5)
0.59 (0.55—0.64) 0.57 (0.52—0.62)
6.87 (5.13—8.77) 461 (3.20—6.54)
248(]75 3.31) 2.63 (1.90—3.44)

0 (6.0—8.0) 7.0 (5.0-8.0)

Values are reported as median and interquartile range (between parentheses).

Abbreviations: BMI = body mass index; BSF = biceps skinfold; TSF = triceps skinfold; SSF = subscapular skinfold; SISF = suprailiac skinfold; SF4 = sum of four
skinfolds; WC = waist circumference; WHtR = waist to height ratio; VAT = visceral adipose tissue; SAT = subcutaneous adipose tissue.
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Table 2

Nutritional status, lifestyle and dietary characteristics of recruited sample.

Women Men Total
N % N % N %

BMI classes
Normal 967 30.1 120 10.2 1087 24.8
Overweight 1347 419 546 46.5 1893 431
Obesity class 1 684 213 397 33.8 1081 24.6
Obesity class 2 183 5.7 99 8.4 282 6.4
Obesity class 3 33 1 12 1 45 1
Total 3214 100.0 1174 100.0 4388 100.0
Smoke
No 2490 77.5 788 67.1 3278 74.7
Yes 724 225 386 329 1110 253
Total 3214 100.0 1174 100.0 4388 100.0
Physical activity
No 1939 60.3 632 53.8 2571 58.6
Yes 1275 39.7 542 46.2 1817 414
Total 3214 100.0 1174 100.0 4388 100.0
Olive oil as main coulinary fat
No 84 2.6 40 34 124 2.8
Yes 3130 97.4 1134 96.6 4264 97.2
Total 3214 100.0 1174 100.0 4388 100.0
Olive oil >4 tablespoons/day
No 2051 63.8 817 69.6 2868 65.4
Yes 1163 36.2 357 304 1520 34.6
Total 3214 100.0 1174 100.0 4388 100.0
Vegetables >2 servings/day
No 1433 44.6 605 51.5 2038 46.4
Yes 1781 554 569 48.5 2350 53.6
Total 3214 100.0 1174 100.0 4388 100.0
Fruits >3 servings/day
No 2769 86.2 1008 859 3777 86.1
Yes 445 13.8 166 141 611 139
Total 3214 100.0 1174 100.0 4388 100.0
Red or processed meat <1 serving/day
No 998 31.1 417 355 1415 32.2
Yes 2216 68.9 757 64.5 2973 67.8
Total 3214 100.0 1174 100.0 4388 100.0
Butter or cream or margarine <1/day
No 82 2.6 27 23 109 2.5
Yes 3132 97.4 1147 97.7 4279 97.5
Total 3214 100.0 1174 100.0 4388 100.0
Soda drinks <1/day
No 503 15.7 231 19.7 734 16.7
Yes 2711 84.3 943 80.3 3654 833
Total 3214 100.0 1174 100.0 4388 100.0
Wine >3 glasses/week
No 2436 75.8 606 51.6 3042 69.3
Yes 778 24.2 568 484 1346 30.7
Total 3214 100.0 1174 100.0 4388 100.0
Legumes >3 servings/week
No 3091 96.2 1086 92,5 4177 95.2
Yes 123 3.8 88 7.5 211 4.8
Total 3214 100.0 1174 100.0 4388 100.0
Fish/seafood >3 servings/week
No 2912 90.6 1080 92.0 3992 91.0
Yes 302 9.4 94 8.0 396 9.0
Total 3214 100.0 1174 100.0 4388 100.0
Sweets and confectionery <3/week
No 1493 46.5 504 429 1997 45.5
Yes 1721 53.5 670 571 2391 54.5
Total 3214 100.0 1174 100.0 4388 100.0
Nuts >1/week
No 2812 87.5 1009 859 3821 87.1
Yes 402 12.5 165 14.1 567 129
Total 3214 100.0 1174 100.0 4388 100.0
White more than red meat (yes)
No 1233 384 587 50.0 1820 41.5
Yes 1981 61.6 587 50.0 2568 58.5
Total 3214 100.0 1174 100.0 4388 100.0
Sofrito sauce > 2/week
No 1784 55.5 574 48.9 2358 53.7
Yes 1430 445 600 511 2030 46.3
Total 3214 100.0 1174 100.0 4388 100.0
MEDscore
1 2 0.1 1 0.1 3 0.1

Table 2 (continued )

Women Men Total

N % N % N %
2 13 04 2 0.2 15 03
3 64 2.0 26 2.2 90 2.1
4 229 71 92 7.8 321 7.3
5 506 15.7 169 144 675 154
6 696 21.7 265 22.6 961 219
7 757 23.6 252 215 1009 23.0
8 524 16.3 195 16.6 719 164
9 286 8.9 106 9.0 392 8.9
10 106 33 50 4.3 156 3.6
11 24 0.7 11 09 35 0.8
12 7 0.2 5 04 12 03
Total 3214 100.0 1174 100.0 4388 100.0

2) olive oil >4 tablespoons/day, 3) vegetables >2 servings/day (>1
portion raw or on salad), 4) fruits >3 servings/day, 5) red or pro-
cessed meat <1 serving/day, 6) butter or cream or margarine <1/
day, 7) soda drinks <1/day, 8) wine >3 glasses/week, 9) legumes >3
servings/week, 10) fish/seafood >3 servings/week, 11) commercial
sweets and confectionery <3/week, 12) nuts >1/week, 13) white
more than red meats (yes) and, 14) use of sofrito sauce > 2/week.
Subjects with a MEDscore >9 points have been considered to have a
high adherence to the MDP [25,26].

2.5. Statistical analysis

Continuous variables are reported as 25th, 50th and 75th per-
centiles because of non-Gaussian distributions. Discrete variables
are reported as counts and percentages. The associations between
the continuous outcomes of interest (BMI, WC, WHtR, SF4, VAT and
SAT) and the continuous predictor (MEDscore) was evaluated using
multiple linear regression with correction for age (continuous,
years), sex (discrete, 0 = female; 1 = male), physical activity
(discrete, 0 = no structured physical activity; 1 = structured
physical activity) and smoke attitude (discrete, 0 = not currently
smoking; 1 = currently smoking). Multivariable regression splines
were used to model non-linear relationships. Because there was
evidence of violation of the homoscedasticity assumption for some
regression models, we calculated robust confidence intervals for all
models. We also used multinomial logistic regression adjusted for
seX, age, smoking and physical activity, to evaluate the association
between adherence to the MDP and to each of 14 food items and
the risk for obesity and VAT (dependent variable, quartiles: <3.2,
3.3—4.6, 4.7—6.5, >6.5 cm) and SAT (dependent variable, quartiles:
<1.9, 2.0-2.6, 2.7-3.4, >3.4 cm) excess. Statistical analysis was
performed using STATA 13.0 and SPSS version 22.

3. Results

The continuous measurements of the 4388 study subjects are
given in Table 1.

Women made up 73.2% of the study population. 43.1% of the
subjects were overweight and 32.1% were obese. The distribution of
the BMI classes, lifestyle descriptors, MEDscore and its components
are reported in Table 2.

The relationships between the outcomes of interest (BMI, WC,
WHTCR, SF4, VAT and SAT) and MEDscore are reported in Table 3.

At multiple linear regression adjusting for sex, age, smoking and
physical activity, a 1-unit increase in MEDscore was associated with
a —0.118 kg/m? decrease in BMI (p < 0.01), a —0.292 cm decrease in
waist circumference (p < 0.01), a —0.002 cm:cm decrease in waist
to height ratio (p < 0.001), a —1.125 mm decrease in the sum of 4
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MEDscore (1-unit increase)

Age (1-year increase)
Male Gender (Yes)
Physical activity (Yes)

Smoke (Yes)
Age (years) SP1
Age (years) SP2
Constant

Observations
“p < 0.05, ”p < 0.01, ™p < 0.001.

Association between the Mediterranean score of the diet, anthropometry and visceral and subcutaneous adipose tissue.

Abbreviations: SP1 = spline knot 1; SP2 = spline knot 2.
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skinfolds (p < 0.001), and with a —0.045 cm decrease in VAT
(p < 0.05). MEDscore was however not associated with SAT.

Finally, we studied the associations between adherence to the
MDP and to each of 14 food items and BMI classes and quartiles of
VAT and SAT using a multinomial logistic regression adjusted for
sex, age, smoking and physical activity (Table 4). First, the high
adherence to the MDP was inversely associated to the risk of
developing obesity (OR = 0.717, 95%CI: 0.555—0.922). Moreover, a
high consumption of red wine, fish and nuts and a low consump-
tion of red meat and soda drinks were protective factors for obesity.
A higher olive oil, sofrito and white meat consumption increased
the risk of obesity. In addition, the high adherence to the MDP was a
protective factor for VAT (OR = 0.717, 95%CI: 0.530—0.971), but not
SAT (OR = 0.907, 95%CI: 0.701—1.172) excess. When we analysed all
14 food items separately, we found that a low consumption of red
meat, butter, carbonated beverages and sweets, and a high con-
sumption of vegetables, shellfish and nuts were protective factors
for VAT excess. Contrarily, a high consumption of olive oil and
sofrito were risk factors for higher VAT. However, the prevalent use
of olive oil as culinary fat was protective from VAT excess. Only red
wine and fish consumption were protective factors for SAT excess
whereas olive oil and white meat increased the risk.

4. Discussion

In the present cross-sectional study, performed in a large sam-
ple of Italian adults, we found that MDP was inversely associated
with VAT and not associated with SAT. This is the first time that
these associations are explored and our results expand the available
knowledge on the association between MDP and abdominal
obesity.

In agreement with previous studies [25,26], only 13.6% of our
subjects had a MEDscore indicative of high adherence to the MDP.
This differs from other clinical settings and this discrepancy is
explained in part by the younger age of our subjects, because MDP
is known to increase with increasing age [27]. Also in agreement
with previous studies [10,13—18], we found an inverse association
between MEDscore and BMI, WC, WHtR and SF4. Although most
studies reported an inverse association between MEDscore and
BMI, no association was found in a large study of 497308 subjects
recruited from 10 different European countries [14]. However, the
same study found an inverse association between MDP and WC and
the authors speculate that systematic differences between North-
ern and Southern European populations may be responsible for the
lack of association between MDP and BMI. We too were not able to
detect any BMI-MEDscore association in a previous study [25]. This
may partly be explained by the analytical technique employed as in
that study we categorized BMI as quintiles while we evaluated as
continuous in the present study. However, and more importantly,
in that study we did not separate VAT from SAT as we did here [25].
An inverse association has been recently reported between MDP
(measured by a different questionnaire than that employed here)
and percent body fat measured by dual-energy X-ray absorptiom-
etry [18]. The same study reported that a 1-unit increase of MDP
was associated with a —2.6 mm decrease of the sum of skinfolds.
Even if we used a different instrument to measure MDP, our find-
ings are similar as we found that a 1-unit increase of MDP was
associated with a —1.125 mm decrease of the same of four skinfolds.
Our findings also confirm the existence of an inverse association
between MDP and WHtR as reported by Martinez-Gonzalez et al. in
the PREDIMED study [13]. Interestingly, we found an inverse as-
sociation between MEDscore and VAT but no association between
MEDscore and SAT. In detail, a 1-unit increase of MDP was associ-
ated with a —0.045 cm decrease of VAT (p < 0.05). Although the
decrease of VAT seems relatively small, a high adherence to the

—0.12*MEDscore + 0.08*Age + 1.82*Male - 1.55*Activity + 0.12*Smoking + 25.24), the effect of age is to be interpreted as the effect of the increase of 1 year of age. This

interpretation does not hold if the association of age with the outcome is non linear and splines are used, e.g. for the VAT model (VAT = —0.05*MEDscore + 0.92*Age_SP1 - 0.07*Age_SP2 + 2.51*Male -

Values are regression coefficients and robust 95% confidence intervals obtained from multiple linear regression adjusted for age, gender, physical activity and smoking status (in brackets). When the association of age with the
0.77*Activity + 0.21*Smoke + 5.00).

outcome is linear, e.g. for the BMI model (BMI
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Table 4

Association between adherence to the MDP and to each of 14 food items and nutritional status and abdominal adiposity.

Normal weight (Reference)

Olive oil as main culinary fat (Yes)
Olive oil (>4 spoons/day)
Vegetables (>2 servings/day)
Fruit (>3 servings/day)

Red meat (<1 serving/day)

Butter (<1 serving/day)

Soda drink (<1 glass/day)

Wine (>3 glasses/day)

Legumes (>3 servings/day)
Fish/Seafood (>3 servings/day)
Sweets (<3 times/day)

Nuts (>1 servings/day)

White meat (Yes)

Sofrito (>2 times/day)

Adherence to the MDP (MEDscore >9)

— o e e e e e e e e e e e e

Overweight Obesity

OR (95% CI) OR (95% CI)

1.000 (0.633—1.581) 0.951 (0.570—1.586)
1.169 (0.992—-1.378) 1.277 (1.068—1.527)**
0.871 (0.744—-1.019) 0.900 (0.758—1.069)
0.935 (0.739—1.184) 1.142 (0.891—-1.465)
0.741 (0.624—0.879)** 0.603 (0.501—-0.726)"**
1.061 (0.646—1.742) 1.011 (0.592—-1.726)
0.787 (0.634—0.977)* 0.717 (0.567—0.905)**
0.747 (0.625—0.894)** 0.528 (0.432—0.644)"**
0.969 (0.670—1.403) 0.824 (0.546—1.242)
0.701 (0.543—0.905)"* 0.583 (0.435—0.782)"**
0.950 (0.813—-1.111) 0.980 (0.825—1.163)
0.736 (0.588—0.922)** 0.559 (0.433—0.721)"**
1.135 (0.970—-1.329) 1.289 (1.084—1.533)**
1.270 (1.086—1.486)** 1.424 (1.200—1.690)***
0.826 (0.656—1.041) 0.715 (0.555—-0.922)*

Quartile 1 (VAT <3.2 cm)

Quartile 2 (VAT 3.3—4.6 cm)

Quartile 3 (VAT 4.7—6.5 cm) Quartile 4 (VAT >6.5 cm)

(Reference)

OR (95%CI)

OR (95%CI)

OR (95%CI)

Olive oil as main culinary fat (Yes)
Olive oil (>4 spoons/day)
Vegetables (>2 servings/day)
Fruit (>3 servings/day)

Red meat (<1 serving/day)

Butter (<1 serving/day)

Soda drinks (<1 glass/day)

Wine (>3 glasses/day)

Legumes (>3 servings/day)
Fish/Seafood (>3 servings/day)
Sweets (<3 times/day)

Nuts (>1 servings/day)

White meat (Yes)

Sofrito (>2 times/day)

Adherence to the MDP (MEDscore >9)

1

o e 1

0.405 (0.238—0.687)**
1.174 (0.980—1.406)
0.864 (0.726—1.028)
0.809 (0.624—1.051)
0.986 (0.818—1.187)
1.195 (0.651—2.193)
0.800 (0.632—1.013)
1.143 (0.931-1.402)
1.506 (0.999—2.270)
0.830 (0.624—1.103)
1.010 (0.851—1.199)
0.886 (0.685—1.146)
0.949 (0.797—1.130)
1.216 (1.022—1.447)
0.980 (0.755—1.272)

0.529 (0.291—0.694)*
1.271 (1.051-1.537)
0.692 (0.576—0.832)***
0.835 (0.639—1.093)
0.726 (0.597—0.882)**
0.738 (0.414—1.315)
0.751 (0.584—0.965)"
0.825 (0.665—1.025)
0.810 (0.506—1.299)
0.558 (0.402—0.774)***
0.829 (0.691—0.994)*
0.759 (0.579—0.995)*
0.886 (0.737—1.066)
1.706 (1.421—2.048)***
0.704 (0.532—0.931)*

0.819 (0.666—1.008)

1.357 (1.093—1.686)**
0.635 (0.515—0.783)***
0.833 (0.619—1.120)
0.589 (0.471—0.736)***
0.507 (0.271—0.948)*
0.563 (0.425—0.745)***
0.927 (0.733-1.172)
0.737 (0.442—1.227)
0.737 (0.518—1.050)
1.049 (0.851—1.294)
0.601 (0.442—0.818)**
0.986 (0.797—1.218)

1.923 (1.561—2.368)"**
0.717 (0.530—0.971)*

Quartile 1 (SAT <1.9 cm)
(Reference)

Quartile 2 (SAT 2.0—2.6 cm)

OR (95%CI)

Quartile 3 (SAT 2.7—3.4 cm)

OR (95%Cl)

Quartile 4 (SAT >3.4 cm)
OR (95%CI)

Olive oil as main culinary fat (Yes)
Olive oil (>4 spoons/day)
Vegetables (>2 servings/day)
Fruit (>3 servings/day)

Red meat (<1 serving/day)

Butter (<1 serving/day)

Soda drinks (<1 glass/day)

Wine (>3 glasses/day)

Legumes (>3 servings/day)
Fish/Seafood (>3 servings/day)
Sweets (<3 times/day)

Nuts (>1 servings/day)

White meat (Yes)

Sofrito (>2 times/day)

Adherence to the MDP (MEDscore >9)

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0.872 (0.529—1.438)
1.195 (0.998—1.431)
0.920 (0.776—1.091)
0.814 (0.635—1.042)
1.089 (0.906—1.310)
0.845 (0.497—1.434)
1.182 (0.935—1.495)
1.051 (0.872—1.267)
1.131 (0.783—1.634)
0.914 (0.694—1.204)
1.021 (0.861-1.211)
0.844 (0.661-1.076)
0.959 (0.808—1.138)
1.091 (0.921—1.292)
0.977 (0.767—1.244)

0.907
1.355
0.899 (0.758—1.067
0.984 (0.773—1.253
0.877 (0.731-1.051
1.038 (0.596—1.806
0.897 (0.716—1.122

(0.545-1.511)
( )
( )
( )
( )
( )
( )
0.914 (0.756—1.107)
( )
( )
( )
( )
( )
( )
( )

1.132-1.621)**

0.993 (0.675—1.461
0.724 (0.540—0.971)*
0.964 (0.812—1.144
0.848 (0.663—1.085
1.097 (0.923-1.304
1.172
0.898

0.988—1.389
0.701-1.152

1.137 (0.672—1.921)
1.280 (1.069—1.534)"*
0.989 (0.833—-1.174)
1.015 (0.793—1.299)
0.901 (0.752—1.080)
1.062 (0.609—1.852)
1.027 (0.819—1.287)
0.659 (0.540—0.805)***
0.691 (0.450—1.062)
0.712 (0.527—-0.962)*
0.977 (0.823-1.159)
0.767 (0.593—0.993)*
1.205 (1.013—1.434)
1.116 (0.941—1.324)
0.907 (0.701-1.172)

Values are odd-ratios (OR) and 95% confidence intervals (95% CI) obtained from multinomial logistic regression adjusted for age, sex, physical activity and smoking status.

*p < 0.05; **p < 0.01; ***p < 0.001.

MDP (MEDscore = 14) compared with a low adherence to the MDP
(MEDscore = 0) would lead to a theoretical VAT decrease of
0.63 cm, corresponding to a reduction of 13.6% of median value
found in our population. This result seems to be higher if compared
with that one obtained for WC, for which a high adherence to the
MDP would lead to a theoretical reduction of 4.4% of the median
value. Moreover, we found that the high adherence to the MDP was
a protective factor of VAT, but not SAT, excess. Therefore, although
association does not imply causation, our findings are compatible
with the hypothesis that MDP may be a protective factor for VAT
accumulation. Future longitudinal studies should be focused on the
effect of changes in VAT thickness on the more relevant metabolic
syndrome components (e.g. triglycerides, HDL-cholesterol, glucose
and blood pressure). Several studies have reported a decrease in
obesity or greater weight loss with the adoption of a Mediterranean

diet [28,29] but other studies have reported no association [30,31].
Comparing these studies is difficult, however, because of the het-
erogeneity of study designs, recruitment methods and diagnostic
assessments. A recent cohort study found the same incidence of
abdominal obesity detected by WC across tertiles of MDP [11].
However, WC does not allow to separate VAT from SAT and thus the
relative contribution of VAT and SAT to abdominal obesity remains
unclear [19]. Intervention studies are needed to test the hypothesis
that an increase in the mediterraneity of the diet can actually
reduce VAT.

In addition to the observed inverse association between the high
adherence to the MDP and visceral obesity, when we individually
assessed each of the 14 items included in the score, many of them
were associated with a lower risk of obesity and VAT excess and, in
some case, also with SAT. It is not unexpected that at the highest
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levels of olive oil consumption the risk of excessive BMI, SAT, VAT
was increased. Moreover, being olive oil one of the ingredients of
sofrito, the positive association between sofrito and risk of obesity
and VAT and SAT excess could depend on the excess of olive oil
consumption. Interestingly, however, the prevalent use of olive oil
as culinary fat was protective from VAT and not from SAT excess.
These observational data in a large independent cohort, are
consistent with the findings of Babio et al., who found that a
controlled olive oil supplementation determined a significant
decrement of central obesity [32].

Two points of strength of this study are the large sample size
and the use of a validated MDP questionnaire [13,21,24—26].
However, our study has also some limitations. First, a cross-
sectional study alone cannot prove cause—effect relationships
and cohort studies are needed to test whether MDP changes are
associated with VAT changes. Second, we studied self-referred
men and women coming to our Research Centre to obtain a
thorough nutritional assessment and/or to enter a structured
weight loss program. As such, our findings may not apply to the
general population. Third, we measured VAT and SAT using ul-
trasonography, which is not the reference method for the evalu-
ation of abdominal adipose tissue. However, many studies have
shown a good correlation (0.7—0.81) between ultrasound thick-
nesses and areas of abdominal adipose tissue measured by CT and
MRI [5—7], suggesting a good quality of ultrasound measurements
of VAT and SAT [2]. Nevertheless, our results need to be confirmed
by further studies using reference methods for the evaluation
of abdominal fat. Finally, a further potential limitation is the
estimation of the total body fat depot using four skinfolds
excluding leg skinfolds. However, previous studies found com-
parable risk marker associations with the estimation of adiposity
with these four skinfolds and with specific fat depots quantified
by MRI [33,34].

In conclusion, our study confirms the inverse association be-
tween MDP, BMI and WC and adds that the association with
abdominal obesity as detected by WC is due to an association with
VAT and not with SAT.

Authors' contributions

SB, AL and AB: designed the research; SB, AL, LV, AS, and AV:
conducted the research; SB, AL and GB: performed statistical
analysis; SB, AL and GB: wrote the manuscript; MAMG and MBR:
gave their intellectual support, interpretation of the results and
manuscript revision; SB: had primary responsibility for final con-
tent; and all authors: read and approved the final manuscript.

Source of funding

This study has been supported by ICANS internal grant.

Conflict of interest

All authors have no conflicts of interest to declare.

Acknowledgements

We wish to thank all ICANS staff and in particular Maria Caz-
zulani, Diana Osio, Lidia Lewandowski, Valentina Giustizieri, Silvia
Filippini, Anna Pirovano and Giovanna Croce for their help during
this study.

References

[1] Ritchie SA, Connell JM. The link between abdominal obesity, metabolic syn-
drome and cardiovascular disease. Nutr Metab Cardiovasc Dis 2007;17:
319-26. http://dx.doi.org/10.1016/j.numecd.2006.07.005.

Wajchenberg BL. Subcutaneous and visceral adipose tissue: their relation to

the metabolic syndrome. Endocr Rev 2000;21:697—738.

Lim S, Meigs JB. Ectopic fat and cardiometabolic and vascular risk. Int J Cardiol

2013;169:166—76. http://dx.doi.org/10.1016/j.ijcard.2013.08.077.

Fox CS, Massaro JM, Hoffmann U, Pou KM, Maurovich-Horvat P, Liu CY, et al.

Abdominal visceral and subcutaneous adipose tissue compartments: associ-

ation with metabolic risk factors in the Framingham heart Study. Circulation

2007;116:39—48. http://dx.doi.org/10.1161/CIRCULATIONAHA.106.675355.

Armellini F, Zamboni M, Rigo L, Todesco T, Bergamo-Andreis IA, Procacci C,

et al. The contribution of sonography to the measurement of intra-abdominal

fat. J Clin Ultrasound 1990;18:563—7. http://dx.doi.org/10.1002/
jcu.1870180707.

Stolk RP, Wink O, Zelissen PM, Meijer R, van Gils AP, Grobbee DE. Validity and

reproducibility of ultrasonography for the measurement of intra-abdominal

adipose tissue. Int ] Obes Relat Metab Disord 2001;25:1346—51. http://
dx.doi.org/10.1038/sj.ij0.0801734.

Ribeiro-Filho FF, Faria AN, Azjen S, Zanella MT, Ferreira SR. Methods of esti-

mation of visceral fat: advantages of ultrasonography. Obes Res 2003;11:

1488—94. http://dx.doi.org/10.1038/0oby.2003.199.

Bertoli S, Giulini Neri I, Trentani C, Ferraris C, De Amicis RS, Battezzati A, et al.

Short-term effect of ketogenic diet on anthropometric parameters, body fat

distribution and inflammatory cytokines production in GLUT 1 Deficiency

Syndrome. Nutrition 2015;31:981-7. http://dx.doi.org/10.1016/

j.nut.2015.02.017.

Siervo M, Lara ], Celis-Morales C, Vacca M, Oggioni C, Battezzati A, et al. Age-

related changes in basal substrate oxidation and visceral adiposity and their

association with metabolic syndrome. Eur ] Nutr 2015:1—13. http://
dx.doi.org/10.1007/s00394-015-0993-z.

[10] Bullo M, Garcia-Aloy M, Martinez-Gonzalez MA, Corella D, Fernandez-
Ballart JD, Fiol M, et al. Association between a healthy lifestyle and general
obesity and abdominal obesity in an elderly population at high cardiovascular
risk. Prev Med 2011;53:155—61. http://dx.doi.org/10.1016/
Jj-ypmed.2011.06.008.

[11] Funtikova AN, Benitez-Arciniega AA, Gomez SF, Fito M, Elosua R, Schroder H.
Mediterranean diet impact on changes in abdominal fat and 10-year inci-
dence of abdominal obesity in a Spanish population. Br J Nutr 2014;111:
1481—7. http://dx.doi.org/10.1017/S0007114513003966.

[12] Kesse-Guyot E, Ahluwalia N, Lassale C, Hercberg S, Fezeu L, Lairon D. Adher-
ence to Mediterranean diet reduces the risk of metabolic syndrome: a 6-year
prospective study. Nutr Metab Cardiovasc Dis 2013;23:677—83. http://
dx.doi.org/10.1016/j.numecd.2012.02.005.

[13] Martinez-Gonzalez MA, Garcia-Arellano A, Toledo E, Salas-Salvado ], Buil-
Cosiales P, Corella D, et al. PREDIMED Study Investigators. A 14-item Medi-
terranean diet assessment tool and obesity indexes among high-risk subjects:
the PREDIMED trial. PLoS One 2012;7:e43134. http://dx.doi.org/10.1371/
journal.pone.0043134.

[14] Romaguera D, Norat T, Mouw T, May AM, Bamia C, Slimani N, et al. Adherence
to the mediterranean diet is associated with lower abdominal adiposity in
European men and women. J Nutr 2009;139:1728—-37. http://dx.doi.org/
10.3945/jn.109.108902.

[15] Grosso G, Pajak A, Mistretta A, Marventano S, Raciti T, Buscemi S, et al. Pro-
tective role of the Mediterranean diet on several cardiovascular risk factors:
evidence from Sicily, southern Italy. Nutr Metab Cardiovasc Dis 2014;24:
370—7. http://dx.doi.org/10.1016/j.numecd.2013.09.020.

[16] Schroder H, Marrugat ], Vila ], Covas MI, Elosua R. Adherence to the traditional
mediterranean diet is inversely associated with body mass index and obesity
in a spanish population. ] Nutr 2004;134:3355—61.

[17] Panagiotakos DB, Chrysohoou C, Pitsavos C, Stefanadis C. Association between
the prevalence of obesity and adherence to the Mediterranean diet: the
ATTICA study. Nutrition 2006;22:449—56. http://dx.doi.org/10.1016/
j-nut.2005.11.004.

[18] Boghossian NS, Yeung EH, Mumford SL, Zhang C, Gaskins AJ, Wactawski-
Wende ], et al. Adherence to the Mediterranean diet and body fat distribution
in reproductive aged women. Eur J Clin Nutr 2013;67:289—94. http://
dx.doi.org/10.1038/ejcn.2013.4.

[19] Brambilla P, Bedogni G, Moreno LA, Goran MI, Gutin B, Fox KR, et al. Cross-
validation of anthropometry against magnetic resonance imaging for the
assessment of visceral and subcutaneous adipose tissue in children. Int ] Obes
(Lond) 2006;30:23—30. http://dx.doi.org/10.1038/sj.ij0.0803163.

[20] Bertoli S, Leone A, Ponissi V, Bedogni G, Beggio V, Strepparava MG, et al.
Prevalence of and risk factors for binge eating behaviour in 6930 adults
starting a weight loss or maintenance programme. Public Health Nutr 2015:
1—7. http://dx.doi.org/10.1017/51368980015001068.

[21] Estruch R, Martinez-Gonzalez MA, Corella D, Salas-Salvado ], Ruiz-Gutierrez V,
Covas MI, et al. PREDIMED Study Investigators. Effects of a Mediterranean-
style diet on cardiovascular risk factors: a randomized trial. Ann Intern Med
2006;145:1-11.  http://dx.doi.org/10.7326/0003-4819-145-1-200607040-
00004.

[2

3

[4

(5

[6

(7

[8

[9


http://dx.doi.org/10.1016/j.numecd.2006.07.005
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref2
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref2
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref2
http://dx.doi.org/10.1016/j.ijcard.2013.08.077
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.675355
http://dx.doi.org/10.1002/jcu.1870180707
http://dx.doi.org/10.1002/jcu.1870180707
http://dx.doi.org/10.1038/sj.ijo.0801734
http://dx.doi.org/10.1038/sj.ijo.0801734
http://dx.doi.org/10.1038/oby.2003.199
http://dx.doi.org/10.1016/j.nut.2015.02.017
http://dx.doi.org/10.1016/j.nut.2015.02.017
http://dx.doi.org/10.1007/s00394-015-0993-z
http://dx.doi.org/10.1007/s00394-015-0993-z
http://dx.doi.org/10.1016/j.ypmed.2011.06.008
http://dx.doi.org/10.1016/j.ypmed.2011.06.008
http://dx.doi.org/10.1017/S0007114513003966
http://dx.doi.org/10.1016/j.numecd.2012.02.005
http://dx.doi.org/10.1016/j.numecd.2012.02.005
http://dx.doi.org/10.1371/journal.pone.0043134
http://dx.doi.org/10.1371/journal.pone.0043134
http://dx.doi.org/10.3945/jn.109.108902
http://dx.doi.org/10.3945/jn.109.108902
http://dx.doi.org/10.1016/j.numecd.2013.09.020
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref16
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref16
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref16
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref16
http://dx.doi.org/10.1016/j.nut.2005.11.004
http://dx.doi.org/10.1016/j.nut.2005.11.004
http://dx.doi.org/10.1038/ejcn.2013.4
http://dx.doi.org/10.1038/ejcn.2013.4
http://dx.doi.org/10.1038/sj.ijo.0803163
http://dx.doi.org/10.1017/S1368980015001068
http://dx.doi.org/10.7326/0003-4819-145-1-200607040-00004
http://dx.doi.org/10.7326/0003-4819-145-1-200607040-00004

1272

[22]

[23]

[24]

[25]

[26]

[27]

[28]

S. Bertoli et al. / Clinical Nutrition 34 (2015) 1266—1272

Schroder H, Fito M, Estruch R, Martinez-Gonzalez MA, Corella D, Salas-
Salvado ], et al. A short screener is valid for assessing Mediterranean diet
adherence among older Spanish men and women. ] Nutr 2011;141:1140-5.
http://dx.doi.org/10.3945/jn.110.135566.

Lohman TG, Roche AF, Reynaldo M. Anthropometric standardization reference
manual. 3rd ed. Champaign, IL: Human Kinetics Books; 1988.
Martinez-Gonzalez MA, Fernandez-Jarne E, Serrano-Martinez M, Wright M,
Gomez-Gracia E. Development of a short dietary intake questionnaire for the
quantitative estimation of adherence to a cardioprotective Mediterranean
diet. Eur ] Clin Nutr 2004;58:1550—2. http://dx.doi.org/10.1038/
sj.ejcn.1602004.

Bertoli S, Spadafranca A, Bes-Rastrollo M, Martinez-Gonzalez MA, Ponissi V,
Beggio V, et al. Adherence to the Mediterranean diet is inversely related to
binge eating disorder in patients seeking a weight loss program. Clin Nutr
2015;34:107—14. http://dx.doi.org/10.1016/j.cInu.2014.02.001.

Soldati L, Bertoli S, Terranegra A, Brasacchio C, Mingione A, Dogliotti E, et al.
Relevance of Mediterranean diet and glucose metabolism for nephrolithiasis
in obese subjects. ] Transl Med 2014;12:34. http://dx.doi.org/10.1186/1479-
5876-12-34.

Patino-Alonso MC, Recio-Rodriguez ]I, Magdalena Belio JF, Colominas-
Garrido R, Lema-Bartolome ], Gomez Arranz A, et al. Factors associated with
adherence to the Mediterranean diet in the adult population. ] Acad Nutr Diet
2014;114:583—-9. http://dx.doi.org/10.1016/j.jand.2013.07.038.

Mendez MA, Popkin BM, Jakszyn P, Berenguer A, Tormo M], Sanchez M], et al.
Adherence to a Mediterranean diet is associated with reduced 3-year inci-
dence of obesity. ] Nutr 2006;136:2934—8.

[29]

[30]

[31]

[32]

[33]

[34]

Romaguera D, Norat T, Vergnaud AC, Mouw T, May AM, Agudo A, et al.
Mediterranean dietary patterns and prospective weight change in partici-
pants of the EPIC-PANACEA project. Am ] Clin Nutr 2010;(92):912—-21. http://
dx.doi.org/10.3945/ajcn.2010.29482.

Yannakoulia M, Panagiotakos D, Pitsavos C, Lentzas Y, Chrysohoou C,
Skoumas I, et al. Five-year incidence of obesity and its determinants: the
ATTICA study. Public Health Nutr 2009;12:36—43. http://dx.doi.org/10.1017/
$1368980008001900.

Beunza JJ, Toledo E, Hu FB, Bes-Rastrollo M, Serrano-Martinez M, Sanchez-
Villegas A, et al. Adherence to the Mediterranean diet, long-term weight
change, and incident overweight or obesity: the Seguimiento Universidad de
Navarra (SUN) cohort. Am ] Clin Nutr 2010;92:1484—93. http://dx.doi.org/
10.3945/ajcn.2010.29764.

Babio N, Toledo E, Estruch R, Ros E, Martinez-Gonzalez MA, Castaner O, et al.
PREDIMED Study Investigators. Mediterranean diets and metabolic syndrome
status in the PREDIMED randomized trial. Can Med Assoc ] 2014;186:
E649—57. http://dx.doi.org/10.1503/cmal.140764.

Scherzer R, Shen W, Bacchetti P, Kotler D, Lewis CE, Shlipak MG, et al. Carl
Grunfeld for the study of Fat Redistribution Metabolic Change in HIVI. Simple
anthropometric measures correlate with metabolic risk indicators as strongly
as magnetic resonance imaging-measured adipose tissue depots in both HIV-
infected and control subjects. Am ] Clin Nutr 2008;87:1809—17.

Hariri AA, Oliver NS, Johnston DG, Stevenson JC, Godsland IF. Adiposity
measurements by BMI, skinfolds and dual energy X-Ray absorptiometry in
relation to risk markers for cardiovascular disease and Diabetes in adult
males. Dis Markers 2013;35:753—64. http://dx.doi.org/10.1155/2013/763907.


http://dx.doi.org/10.3945/jn.110.135566
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref23
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref23
http://dx.doi.org/10.1038/sj.ejcn.1602004
http://dx.doi.org/10.1038/sj.ejcn.1602004
http://dx.doi.org/10.1016/j.clnu.2014.02.001
http://dx.doi.org/10.1186/1479-5876-12-34
http://dx.doi.org/10.1186/1479-5876-12-34
http://dx.doi.org/10.1016/j.jand.2013.07.038
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref28
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref28
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref28
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref28
http://dx.doi.org/10.3945/ajcn.2010.29482
http://dx.doi.org/10.3945/ajcn.2010.29482
http://dx.doi.org/10.1017/S1368980008001900
http://dx.doi.org/10.1017/S1368980008001900
http://dx.doi.org/10.3945/ajcn.2010.29764
http://dx.doi.org/10.3945/ajcn.2010.29764
http://dx.doi.org/10.1503/cmal.140764
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref33
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref33
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref33
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref33
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref33
http://refhub.elsevier.com/S0261-5614(15)00257-5/sref33
http://dx.doi.org/10.1155/2013/763907

	Adherence to the Mediterranean diet is inversely associated with visceral abdominal tissue in Caucasian subjects
	1. Introduction
	2. Subjects and methods
	2.1. Study design
	2.2. Anthropometry
	2.3. Abdominal ultrasonography
	2.4. Mediterranean dietary pattern
	2.5. Statistical analysis

	3. Results
	4. Discussion
	Authors' contributions
	Source of funding
	Conflict of interest
	Acknowledgements
	References


